We present the ionized gas properties of infrared (IR)-bright dust-obscured galaxies (DOGs) that show an extreme optical/IR color, (i − [22]) AB > 7.0, selected with the Sloan Digital Sky Survey (SDSS) and Wide-field Infrared Survey Explorer (WISE). For 36 IR-bright DOGs that show [O iii]λ5007 emission in the SDSS spectra, we performed a detailed spectral analysis to investigate their ionized gas properties. In particular, we measured the velocity offset (the velocity with respect to the systemic velocity measured from the stellar absorption lines) and the velocity dispersion of the [O iii] line. We found that the derived velocity offset and dispersion of most IR-bright DOGs are larger than those of Seyfert 2 galaxies (Sy2s) at z < 0.3, meaning that the IR-bright DOGs show relatively strong outflows compared to Sy2s. This can be explained by the difference of IR luminosity contributed from active galactic nucleus, L IR (AGN), because we found that (i) L IR (AGN) correlates with the velocity offset and dispersion of [O iii] and (ii) our IR-bright DOGs sample has larger L IR (AGN) than Sy2s. Nevertheless, the fact that about 75% IR-bright DOGs have a large (> 300 km s −1 ) velocity dispersion, which is a larger fraction compared to other AGN populations, suggests that IRbright DOGs are good laboratories to investigate AGN feedback. The velocity offset and dispersion of [O iii] and [Ne iii]λ3869 are larger than those of [O ii]λ3727, which indicates that the highly ionized gas tends to show more stronger outflows.
INTRODUCTION
It has been well-known that the mass of the super massive black hole (SMBH) tightly correlates with the properties of its host galaxy such as spheroid component mass and stellar velocity dispersion, which suggests that SMBHs and galaxies coevolve (so-called "co-evolution": e.g., Magorrian et al. 1998; Marconi & Hunt 2003; Kormendy & Ho 2013; McConnell & Ma 2013; Sun et al. 2013; Woo et al. 2013) . Observations at various wavelengths have indicated that radiation, winds, and jets from an active galactic nucleus (AGN) toba@asiaa.sinica.edu.tw can interact with the interstellar medium, and this can lead to the ejection or heating of gas. Therefore, AGN feedback has been increasingly considered as a key component to understand the galaxy formation and evolution (e.g., Fabian et al. 2012 , and references therein), which is also supported by hydrodynamical simulations (e.g., Wagner & Bicknell 2011; Faucher-Giguère & Quataert 2012; Wagner et al. 2013; Bieri et al. 2017) .
These powerful outflows resulting from feedback caused by the AGN regulate star formation (SF) and even AGN activity, and could control co-evolution of galaxies and SMBHs (e.g., Di Matteo et al. 2005; Cano-Díaz, et al. 2012; King & Pounds 2015) . Measuring the kinematics of multiphase gas is one of the useful ways to investigate gas outflows in AGNs. In particular, the velocity offset of the [O iii] λ5007Å narrow emission and its velocity dispersion are good tracers for probing AGN-driven outflows. Many works have reported strong [O iii] outflows in AGNs (e.g., Zamanov et al. 2002; Aoki et al. 2005; Bian et al. 2005; Boroson 2005; Komossa et al. 2008; Crenshaw et al. 2010; Greene et al. 2011; Villar-Martín et al. 2011; Rodríguez Zaurín et al. 2013; Liu et al. 2013a,b; Mullaney et al. 2013; Zakamska & Greene 2014; Sun et al. 2017 ) and investigated their statistical properties (e.g., Wang et al. 2011; Bae & Woo 2014; Woo et al. 2016 Woo et al. , 2017 . The advent of the integral field unit (IFU) enables us to investigate AGN feedback providing spatial information of AGN outflows from local Universe (e.g., Barbosa et al. 2009; Harrison et al. 2014; McElroy et al. 2015; Karouzos et al. 2016b,b; Bae et al. 2017 ) to high-z Universe (e.g., Alexander et al. 2010; Brusa et al. 2015; Carniani et al. 2016) .
In this paper, we present the ionized gas properties of IR-bright dust-obscured galaxies (DOGs: Dey et al. 2008; Toba et al. 2015) that show an extreme optical and IR color, i.e., their flux densities in the mid-IR (MIR) regime are about 1000 times brighter than those in the optical regime, indicating that these objects are undergoing strong AGN and/or SF activity behind the large amount of dust. We have performed IR-bright DOGs search and investigated their statistical and physical properties such as IR luminosity function (Toba et al. 2015) , auto-correlation function (Toba et al. 2017a) , and stellar mass and starformation rate relation (Toba et al. 2017b ). The IR luminosity of most of the IR-bright DOGs exceeds 10 12 L ⊙ or even 10 13 L ⊙ , which are termed ultraluminous infrared galaxies (ULIRGs: Sanders & Mirabel 1996) and hyperliminous infrared galaxies (HyLIRGs: Rowan-Robinson 2000) , respectively. In the context of major merger scenario, the gas accreting onto the nucleus triggers the AGN activity due to the merger process, and enormous energy originated from the AGNs then significantly affects SF activity in the host galaxies (e.g., Hopkins et al. 2006 Hopkins et al. , 2008 . Since IRbright DOGs may correspond to a maximum phase of AGN activity behind large amount of dust (e.g., Narayanan et al. 2010) , they are expected to be a good laboratory to investigate the AGN feedback phenomenon. Note that observations of molecular and atomic gas are quite useful to investigate the kinematics and energetics of outflowing gas (e.g., Cicone et al. 2014) . However, these investigations often require follow-up observations with radio telescopes and the sample size is limited due to the low efficiency of these observations. In order to investigate the statistical asAll DOG sample (Toba & Nagao 2016) Subsample (This work) Figure 1 . IR luminosity as a function of redshift for our IRbright DOG sample, discovered by Toba & Nagao (2016) . Red circles show objects that are used for the spectral analysis in this work.
pect of outflowing gas in IR-bright DOGs, we focus on ionized gas. This paper is organized as follows. We describes the sample selection and spectral analysis in Section 2. The resultant outflow properties of [O iii] is presented in Section 3. In Section 4, we discuss the dependence of the [O iii] outflow properties on physical properties such as IR luminosity. We also discuss the energetics of AGN outflow in our sample and present the outflow properties of other emission lines. We summarize in Section 5. Throughout this paper, the adopted cosmology is a flat universe with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7. Unless otherwise noted, all magnitudes refer on the AB system. and we adopt vacuum wavelengths for the analysis.
DATA AND ANALYSIS
The DOG Sample for the spectral analysis was selected from a IR-bright DOG sample in Toba & Nagao (2016) . They selected 67 IR-bright DOGs with (i − [22]) AB > 7.0 and flux density at 22 µm > 3.8 mJy from the Sloan Digital Sky Survey (SDSS) spectroscopic catalog (York et al. 2000; Alam et al. 2015) and Widefield Infrared Survey Explorer (WISE) ALLWISE catalog (Wright et al. 2010; Cutri et al. 2014) . Among them, we narrowed down to 36 objects with 0.05 < z < 1.02 that clearly have [O iii] in their SDSS spectra 1 . Figure 1 shows IR luminosity, L IR (8-1000 µm), as a function of redshift for all IR-bright DOG sample and 1 Within our sample, the spectra of SDSS1010+3775 (ID=12), SDSS1248+4242 (ID=21), SDSS1407+3601 (ID=26), and SDSS1513+1451 (ID=30) have also reported in Ross et al. (2015) .They also mentioned that SDSS1010+3775 has unusually broad [O iii] with non-Gaussian structure. this subsample. The IR luminosities of the 36 IR-bright DOG sample are log L IR [L ⊙ ] = 10.5 -13.1, and 25/36 (∼ 69 %) objects are classified as ULIRGs/HyLIRGs (see Table 1 ). Recently some authors have discovered many (obscured) ULIRGs/HyLIRGs based on the SDSS and WISE data and reported powerful ionized outflows seen in their spectra (Ross et al. 2015; Zakamska et al. 2016; Bischetti et al. 2017; Hamann et al. 2017; Zhang et al. 2017 ), although they basically focus on high-z (z > 2) objects.
The SDSS spectra for all 36 IR-bright DOGs are shown in Figure A1 -A4 (see Appendix A). The mean full width at half maximum (FWHM) of their Hβ line is about 503 km s −1 . When we adopt 1000 km s −1 as a threshold to discriminate between type 1 and 2 AGNs (e.g., Yuan et al. 2016) , 4/36 objects can be classified as a type 1 AGN, meaning that most objects in our DOG sample are type 2 AGNs (see Table 1 ). One prominent feature in these spectra is that they often show broad asymmetric profiles of [O iii] lines, which could indicate some IR-bright DOGs are blowing out ionized gas. In order to characterize this [O iii] outflow quantitatively, we need to perform a detailed spectral fitting for each spectrum. Since most objects in our sample are type 2 AGNs, the stellar continuum can be seen, which enables us to measure systemic velocity determined by stellar fitting and to estimate velocity offset with respect to the systemic velocity (see Section 3.1).
Therefore, we conducted the spectral analysis for 36 IR-bright DOGs to quantify the [O iii] outflow, in the same manner as Bae & Woo (2014) 4959Å and 5007Å) have the same velocity and velocity dispersion to each other. If the peak amplitude of broad component between the two Gaussian profiles is larger than the continuum noise (i.e., the amplitude-to-noise ratio is larger than 2), we adopted the fitting results with a double-Gaussian function. Otherwise, we adopted the result with a single Gaussian. Note that we visually checked whether the stellar continuum is reproduced well by the best-fit stellar fitting. We confirmed that 10/36 objects are well-fitted by the stellar template. For the remaining 26 objects, we alternatively utilized the narrow component of the Hβ line as a proxy of the systemic velocity.
3. RESULTS
Spectral fitting
Using the best fit with single-or double-Gaussian components, we measured the velocity offset (v line ) and velocity dispersion (σ line ) in the same manner as Woo et al. (2016) ;
were λ rest is the rest-frame line center of a line (λ rest = 5008.24Å for [O iii]), and c is the speed of light, while v sys (λ) is the systemic velocity measured by the fitting with a stellar component or a narrow component of Hβ (see Section 2). f (λ) is the flux density at each wavelength and λ 0 is the first moment of the line profile (flux-weighted center),
The measured velocity dispersions were corrected for the wavelength-dependent instrumental resolution of the SDSS. The measurement errors was estimated from a Monte Carlo realization; we adopted 1σ dispersion of each value by measuring them 100 times for spectra with randomly adding the noise (see Woo et al. 2016, in detail Figure 2 shows some examples of the SDSS composite images made by g, r, and i images. Some DOGs show a green or red color since strong [O iii] line fall in the r-or i-band, depending on the redshift.
Hereafter we compare outflow properties of our IRbright DOG sample with those of local Seyfert 2 galaxies (Sy2s). In order to ensure a fair comparison, we only focus on 36-4 = 32 IR-bright DOGs that are classified as type 2 AGNs unless otherwise noted. Note that among 32 DOGs, 12 objects have very large uncertainties of velocity offset (
. We exclude them and focus on 32-12 = 20 DOGs when arguing about the velocity offset. We found that 24/32 (∼ 75 %) IRbright DOGs have a large (> 300 km s −1 ) velocity dispersion, which is larger than that of local Sy2s at z < 0.3 ) who reported that only 3.58 % of Sy2
, that is larger than those (∼ 50%) of local (narrow line) Seyfert 1 and 2 galaxies (e.g., Komossa et al. 2008; Zhang et al. 2011; Bae & Woo 2014) . Since the velocity offset and (particularly) velocity dispersion is expected to be due to the ionized gas outflow, this large outflow fraction could indicate that IR-bright DOGs are likely to be a good laboratory to investigate AGN feedback phenomenon (see also Section 3.3).
Relation between [O iii] luminosity and IR luminosity
Here we estimated the extinction-corrected [O iii] luminosity using the following formula (see Calzetti et al. 1994; Domínguez et al. 2013 );
where
is the extinction value at λ = 5008.24Å provided by Calzetti et al. (2000) , and E(B − V ) is the color excess. We note that E(B − V ) was estimated based on the spectral energy distribution (SED) fitting with a code; SEd Analysis using BAyesian Statistics (SEABASs: Rovilos et al. 2014 ). This fitting code provides up to three-component fitting (AGN, SF, and stellar component) based on the maximum likelihood method (see Rovilos et al. 2014; Toba & Nagao 2016, in detail) . Among three components fitting, E(B − V ) was determined by the stellar component fitting with a library r s = 0.80 P = 5.21 10 -7 r s = 0.46 P = 2.12 10 -2 r s = 0.75 P = 9.56 10 -7 of synthetic stellar templates from Bruzual & Charlot (2003) stellar population models reddened using a Calzetti et al. (2000) dust extinction law. We used 9 photometric data (u, g, r, i, and z, and 3.4, 4.6, 12, and 22 µm, obtained from the SDSS and WISE, respectively) for the SED fitting. We note that all DOGs in our sample were detected in all 9 bands. The typical value of E(B −V ) is 0.70. We also calculated the 22 µm luminosity at the observed frame, νL obs ν (22 µm), from the observed flux multiplied by 4πd 2 L for each DOG, where d L is the luminosity distance. IR-bright DOGs tend to have flat SED at the MIR regime (see Toba & Nagao 2016; Toba et al. 2017b ) and we found that νL obs ν (22 µm) is perfectly correlated with IR luminosity (Toba et al. 2017b ). In addition, some authors claimed that IR luminosity of AGNs are correlated with [O iii] luminosity (e.g., Goto et al. 2011) , suggesting that 22 µm luminosity at observed frame correlates with [O iii] luminosity. Figure 3 shows examples of the SED fitting in which the data are well-fitted by SEABASs (see also Toba & Nagao 2016) . Their composite spectrum normalized by the flux density at 1 µm is also shown in this Figure. Some SED templates of local ULIRGs and AGNs presented by Polletta et al. (2007) are also plotted. Compared with these templates, our IR-bright DOG sample shows a steep SED in the near-IR (NIR) and MIR regions that could be originated from hot dust heated by strong AGN radiations. Toba et al. 2017b) . Given the somewhat narrow redshift range of our sample (0.05 < z < 1.02), the luminosity in the MIR regime is roughly constant, which would result in a correlation even when using the observed-frame 22 µm luminosity. Since 22 µm luminosity could trace AGN activity and the broad component is likely to be more strongly affected by AGN outflows compared to the narrow component, broad component of [O iii] outflow tends to have better correlation with 22 µm luminosity. We should keep in mind that, at the same time, the above correlation may be applicable only for IR-bright DOGs because whether or not other population follows this relation is still unknown.
VVD diagram
Here we show the [O iii] velocity offset with respect to the systemic velocity and velocity dispersion diagram (hereafter VVD diagram) for our IR-bright DOG sample and the SDSS Seyfert 2 galaxy sample taken from Woo et al. (2016) , who investigated outflow properties using a large sample of ∼ 40,000 Sy2s at z < 0.3. Figure 5 shows Barrows et al. 2013) ; the redshifted component of outflow (receding cone) tends to be easily hidden by foreground dust. However, this fraction (0.80) is larger than that of SDSS Sy2s (0.56) with v [OIII] measurements better than 1σ probably because receding component of outflowing gas in DOGs is more preferentially hidden by large amount of dust. Although the dust geometry between DOGs and Sy2s could be different, it is easy for DOGs to hide the receding outflow than approaching outflows to the line-of-sight. We also found that the majority of the IR-bright DOGs lie above the SDSS Sy2 on the VVD diagram. These results could indicate that the IR-bright DOGs are associated with stronger ionized gas outflow (but see Section 4.1).
4. DISCUSSIONS
VVD diagram as a function of IR luminosity
In Section 3.3, we found the IR-bright DOG sample has larger velocity offset and dispersion than those of SDSS Sy2 sample on the VVD diagram. However, one caution is that more luminous AGN could drive stronger outflow, i.e., we have to compare outflow properties with fixed AGN luminosity. Since Toba & Nagao (2016) derived IR luminosity contributed from AGN, L IR (AGN), using the SED fitting for IR-bright DOG sample, we estimated the L IR (AGN) also for the SDSS Sy2 sample. In order to derive precise IR luminosity contributed from AGN, we compiled far-IR (FIR) data using AKARI (Murakami et al. 2007 ) Far-Infrared Surveyor (FIS: Kawada et al. 2007 ) bright source catalogue (BSC) version 2.0 (I. Yamamura et al. in preparation). We selected about 400 objects with 65, 90, 140, and 160 µm data from SDSS Sy2 sample in Woo et al. (2016) , and conducted the SED fitting with SEABASs in the same manner as Toba et al. (2017b) . Note that we confirmed that the resultant IR luminosity based on this method is consistent with those in local SDSS galaxies selected from Salim et al. (2016) (see Toba et al. 2017b, in detal) . Figure 6 shows the absolute value of the velocity offset and velocity dispersion as a function of IR luminosity contributed from AGNs for IR-bright DOGs and SDSS Sy2s. We found that they are continuously distributed on those planes, and L IR (AGN) is well-correlated both with velocity offset and dispersion. We obtained the following correlation formulae:
Also, our IR-bright DOG sample is basically brighter than Sy2 galaxies, which means that the offset of IRbright DOG sample compared to SDSS Sy2 sample on the VVD diagram shown in Figure 5 is likely due to the difference of IR luminosity originating from AGN activity.
It should be noted that the velocity offset or velocity dispersion itself is not always a good indicator of the strength of AGN outflows because they are affected by dust extinction . However, the influence of dust extinction can be minimized if we use the following quantity Bae et al. 2017 ); Figure 7 shows the relation between σ 0 and AGN luminosity. They are well correlated with each other and we obtained the following correlation formula:
, and L IR (AGN) -σ 0 are ∼ 0.51, 0.51, and 0.54 with null hypothesis probabilities P ∼ 7.04 × 10 −10 , 4.88 × 10 −10 , and 6.10 × 10 −11 , respectively. We confirmed that the correlation between σ 0 and L IR (AGN) is slightly stronger than that of others. Note that Woo et al. (2016) Wagner & Bicknell (2011) conducted hydrodynamical simulations of AGN feedback in gas-rich galaxies and concluded that outflow velocities and dispersions of energy driven outflows are determined by the power of the AGN, and all the scatter is determined by the properties of the interstellar medium (ISM) properties, in particular the column density of clumpy gas (see also Wagner et al. 2013 ). Bieri et al. (2017) showed with radiation hydrodynamic simulations of AGN outflows that, for radiation driven winds, the infrared photons provide most of the mechanical advantage to drive outflows to high velocities, and that the properties of the outflows evolved according to the optical depth of infrared photons. Our observational results support the above conclusions.
σ 0 as a function of other properties
In Section 4.1, we found that σ 0 , an indicator of the strength of an AGN outflow, depends on L IR (AGN). Here we investigate the dependence of σ 0 on other physical quantities; the black hole mass (M BH ), Eddington lu- minosity (L Edd ), bolometric luminosity (L bol ), and Eddington ratio (λ Edd ≡ L bol /L Edd ). The black hole mass is estimated from the stellar mass (M * ) by using an empirical relation reported in Reines & Volonteri (2015) ; log(M BH /M ⊙ ) = 1.05 log (M * /10 11 M ⊙ ) + 7.45 with a scatter of 0.24 dex. The stellar mass is estimated using SEABASs in which we employed synthetic stellar templates from Bruzual & Charlot (2003) stellar population models assuming a Chabrier (2003) initial mass function (IMF), and reddening using a Calzetti et al. (2000) dust extinction law (see also Toba et al. 2017b ). The Eddington luminosity in units of erg s −1 is estimated using L Edd = 1.3 × 10 46 (M BH /10 8 M ⊙ ) (Ferrarese & Ford 2005) . The bolometric luminosity is estimated by integrating the best-fit SED template output by SEABASs over wavelengths longward of Lyα in the same manner as Assef et al. (2010) . Note that the mean of L bol /L IR for IR-bright DOG is 1.61 ± 0.27, which is consistent with that reported in Fan et al. (2016) . Figure 8 shows σ 0 as functions of black hole mass, Eddington luminosity, bolometric luminosity, and Eddington ratio. For any of these quantities, the values of σ 0 of IR-bright DOGs tend to be larger than those of Sy2. However, the correlations of these quantities with σ 0 are not strong compared to the correlation of L IR (AGN) with σ 0 . Their Spearman rank correlation coefficients are less than 0.4, which could indicate that M BH , L Edd , L bol , and λ Edd is unlikely to be a primal parameter while L IR (AGN) is a primal parameter tracing the outflow strength.
Energetics of AGN outflows
We discuss the energetics of AGN-driven outflows in terms of the mass outflow rate, energy injection rate, and momentum flux of our IR-bright DOG sample. However, an accurate estimate of these quantities is challenging because such estimates require detailed kinematic modeling for each object. We thus adopt a simple outflow model for the entire sample to provide first order constraints on the energetics of IR-bright DOGs.
If we assume a spherical volume of outflowing ionized gas (e.g., Harrison et al. 2014; Bae et al. 2017) , the mass outflow rate (Ṁ out ), energy injection rate (Ė out ), and momentum flux (Ṗ out ) are given bẏ
where M gas is the ionized gas mass, R out is the outflow radius, and v out is the flux-weighted intrinsic outflow velocity or bulk velocity of the outflows. Assuming case B recombination, the mass of Hβ emitting gas can be estimated as follows (Nesvadba et al. 2011 ): and n e is the electron density in unites of cm −3 . In this work, we adopt n e = 100 cm −3 as routinely assumed in similar works (e.g., Liu et al. 2013b; Brusa et al. 2015 ) and this value is roughly consistent with that derived from [S ii] doublet in a luminous obscured quasar at z ∼ 1.5 (Perna et al. 2015) . For R out , we first estimate the size of the narrow line region (R NLR ) by using an empirical relation between R NLR and extinction-uncorrected [O iii] luminosity reported by Bae et al. (2017) , log R NLR = (0.41 ± 0.02) log L [OIII] − (14.00 ± 0.77).
(13) We then simply choose R out = 2R NLR . For v out , we also use an empirical relation between v out and σ 0 reported by Bae et al. (2017) ,
We caution that the electron density depends on the object and v out depends on the dust extinction and inclination of each object (see Greene et al. 2011; Harrison et al. 2014; Bae et al. 2017 , and references therein), which means that the derived quantities under type 2 AGNs IR-bright DOGs (This work) Figure 9 . The mass outflow rateṀout (left), the energy injection rateĖout (middle), and momentum fluxṖout (right) as a function of IR luminosity contributed from AGNs (LIR (AGN)) of IR-bright DOGs (red circle) and type 2 AGNs at z < 0.1 (blue circle) presented by Bae et al. (2017) .
our simple assumptions could induce large uncertainties.
The resultant values estimated using Equation (9)- (14) are summarized in Table 2 . Figure 9 shows the energetics (Ṁ out ,Ė out , andṖ out ) as a function of L IR (AGN) for IR-bright DOGs and type 2 AGNs reported by Bae et al. (2017) . Bae et al. (2017) observed type 2 AGNs at z < 0.1 with integralfield spectroscopy and investigated the energetics of them. We estimate their L IR (AGN) based on the SED fitting in the same manner as those we described in Section 4.1 and 4 AGNs are plotted in Figure 9 . We found that our IR-bright DOG sample have systematically larger values than those of local type 2 AGNs.
Since these values are clearly connected to AGN activity as shown in Figure 9 (see also Bae et al. 2017) , this result can be explained by the difference of AGN luminosity as discussed in Section 4.1. We also estimate the "momentum boost", i.e., the ratio of the momentum flux (Ṗ ) and the AGN radiative momentum output (L IR (AGN)/c) (see Table 2).
We found that the estimated initial velocity (v in ) from nucleus for most objects assuming that the observed outflows are energy-conserving (see Faucher-Giguère & Quataert 2012; Cicone et al. 2014) is v in = (0.01 − 0.2)c. This result suggests that some IR-bright DOGs show an ultrafast outflow (UFO) with v in = (0.05 − 0.3)c (e.g., Tombesi et al. 2011; Gofford et al. 2013 ).
VVD diagram for other lines
We discuss the outflow properties of other emission lines. Figure 10 due to the blending of λ3726, 3729Å doublet. If we use only a single Gaussian, alternatively, it gives a lot larger velocity dispersion (σ [OII] ). We should keep in mind the above uncertainties before interpreting the discrepancy between [Ne iii] and [O iii], and [O ii] in Figure 11 .
The difference of v line and σ line for each line tells us a hint to understand the physicochemical properties of outflowing gas. The [Ne iii]λ3869 are 3.4×10 3 , 6.8×10 5 , and 9.5×10 6 cm −3 , respectively. The fraction of objects with |v line | > 50 km s −1 and σ line > 500 km s
, and [Ne iii] are 0.134, 0.566, and 0.571, respectively. This means that more dense and ionized gas tend to show larger velocity offset and dispersion. Since it is naturally expected that electron densities will increase toward the nuclear region and gas located there is highly ionized by AGN radiation, [O iii] and [Ne iii] are ejected with high velocity while [O ii] are less affected by AGN radiation, that picture is consistent with those suggested by Barrows et al. (2013) (see also Komossa et al. 2008 ).
MEx diagram
Finally, we discuss the Mass-Excitation (MEx) diagram (Juneau et al. 2011 (Juneau et al. , 2014 ) that enables to perform AGN diagnostics for objects with even z > 0.4. Since SEABASs outputs stellar mass (M * ) and we measured [O iii] and Hβ line flux, we here investigate where IR-bright DOGs lie in the MEx diagram. Note the our estimate based on this method have an uncertainty because we did not take into account the influence from the scattered light by AGNs (see also Hamann et al. 2017; Toba et al. 2017b) . We also note that we excluded DOGs classified as type 1 AGN (see Section 2) in this analysis because MEx diagram is optimized for galaxies/AGNs with narrow line emission. Figure 12 shows the MEx diagnostic diagram for the IR-bright DOGs, suggesting that IR-bright DOGs can be classified as AGNs, which is consistent from our inspection based on the SED and IR flux dependence of the AGN fraction for DOGs (see Toba et al. 2015; Toba & Nagao 2016) . At the same time, there are no significant dependences of σ 0 on the MEx diagram. This could indicate that [OIII]/Hβ is unlikely to a good tracer of outflow strength partly because [OIII]/Hβ also depends on other quantities such as metallicity. On the other hand, after removing data with large error, i.e., when focusing only on data with SN > 3 both for [O iii]/Hβ and stellar mass, stellar mass is likely to be correlated with σ 0 . Since stellar mass correlates with stellar dispersion that also correlates with σ 0 ), this tendency is naturally expected.
SUMMARY
In this work, we investigated the outflowing ionized gas properties of IR-bright DOGs by performing detailed spectral analysis for their SDSS spectra. Among 67 IRbright DOGs selected with the WISE and SDSS spectroscopic catalogs, 36 objects show [O iii]λ5007 line and we estimated its velocity offset with respect to the systemic velocity and velocity dispersion. In particular, we conducted spectral fitting with single or double Gaussian component depending on whether or not they have broad wing. The main results are as follows: 
